ABSTRACT With the increasingly complex urban environment and ultra-dense network in the fifth generation communication, the problem of near-field errors in angular positioning has become gradually prominent. In order to apply the azimuth detecting method in the future network, this paper presents a novel algorithm for the massive multi-input and multi-output system by dividing the base stations into near-field ones and far-field ones. First, the stationary beam-forming is utilized to fit the coarse positioning architecture we proposed, which determines the searching zone of direct positioning method. Then, the fourth-order cumulants are derived to fit the near-field model and an adaptive weight is calculated for the association of far-field base stations. Meanwhile, the error caused by the longitudinal array to the plane angle is taken into account and the linear weights are used to avoid multi-peak hopping errors. Finally, we build a searching formula to apply the direct positioning method in the coarse positioning zone. The developed algorithm which combines near-field and far-field can solve the problem of the increasing positioning error caused by 5G intensive cell with the pure angle of arrival method. Furthermore, our method has some resistance to multipath and non-line-of-sight, which improves the positioning performance of municipal hotspots to some extent.
I. INTRODUCTION
In order to address the increasing problem of urban communication service, ultra-dense networking and multi-input and multi-output (MIMO) are used to meet the requirement [1] . It is concluded that large-scale antennas not only bring huge improvements in communication capacity, but also have great potential for positioning [2] , [3] . In the past few years, different kinds of positioning method for 5G network like fingerprint-based method [4] , single base transmitter positioning with range and rotation [5] , GNSS/5G integrated method [6] have been developed to locate the users in urban areas. Most of them can combine the characteristics of 5G base stations and achieve meter-level positioning accuracy. However, all these methods ignored the potential advantage in MIMO angle detection, which performs as the accuracy of angle measurement will be improved along with the increasing number of antennas. We usually think the reason is that
The associate editor coordinating the review of this manuscript and approving it for publication was Nishant Unnikrishnan. the array manifold of the receiving antenna is more similar to the signal subspace as the number of antennas gose up. Based on the above facts, we can choose the angel of arrival (AOA) of more than three base stations to tackle the problem of positioning in urban areas.
Direction of arrival(DOA) localization has received significant treatment in the technical literature since last decades and examined how sensors' array or radar signals calculate the DOA with quite a few algorithms such as MUSIC [7] , ESPRIT [8] and their improved method [9] - [11] . Although these methods achieve favorable azimuth resolution, they will still introduce cumulative errors when they locate the emitter by matching and two-step positioning. Traditionally, the location of the source is estimated intermediate parameters, such as the DOAs and TOAs of the line-of-sight(LOS) paths [12] . Contrary to the original ones, direct positioning method was first introduced by Wax [13] , [14] and defined as estimating the location directly from data. Then, it was applied in positioning for the first time in [15] and received more attention after [16] . The method in [17] obtains maximum likelihood algorithm for a location estimation. However, in the dense areas of urban, the positioning method needs to adapt to multipath environment. In [18] , a DLM algorithm is purposed to exploits the sparsity of the emitters and achieve better performance. A novel localization technique, called Direct Source Localization (DiSouL) is developed in [19] , which jointly processes the snapshots of data acquired at each base station with compress sensing in order to directly estimate the location of the source. So far, no one combines direct positioning technology with 5G features.
For 5G angular positioning, due to the reducing coverage of the base station which induced by ultra-dense network and the increase in the near-field range caused by the larger array aperture D, the near-field ratio r near can be significantly increased according to the formula r near = 2D 2 /λ. What's more, the error caused by the near-field spherical wave of the angle estimation will be more obvious. To tackle this issue, a multitude of individuals carry out their approaches such as second-order MUSIC [19] , high-order MUSIC [20] , mixorder MUSIC [21] , which reduce angular measurement error by high order items. Furthermore, ESPRIT algorithm was applied to this issue, for example, the generalized ESPRIT method with spectral search [22] and forth-order ESPRIT without azimuth search [23] . Although the aforementioned methods actually solve the near-field problem, they can't fit for the multi-station far-field and near-field combined positioning scene.
In order to solve the above problems mainly including nearfield errors and multipath complexity under dense networking, we propose a combined far-field and near-field direct positioning(CNFDP) method based on 5G massive MIMO. In this algorithm, we use the angle calculation formula to directly search for coordinates, which is better coupled than traditional angle positioning. By implementing this method, the cumulative error will not be introduced without the approximate calculation of the indirect parameters. Moreover, coordinate search takes the place of azimuth search by exerting a novel positioning architecture, which avoid the azimuth error increasing with the rise of the positioning radius.
In this paper, the direct localization approach is adapted to the mixed far-field and near-field scene. Section II introduces the far-field and near-field model. Section III provides an application scenario in 5G urban areas. Then analyze the near-field signal intensively and bring up our positioning method. Section IV is the solution and simulation of the method we proposed. We compare with other methods to verify its performance. Section V contains a summary of this article.
Notation: 2 denotes the l 2 norm, () T , () H , () * , () + stand for transpose, Hermitian transpose, conjugate, Moore Penrose inverse, respectively.
II. SYSTEM MODEL
The following two-dimensional planar positioning can be envisaged. Supposing there are M line-of-sight (LOS) base stations (M>2), and each base station (BS) has K × 2L (K × 2L > 100) antennas according to the definition of massive MIMO. Meanwhile, there is a mobile edge computing (MEC) server at the edge of the base stations. Compared with cloud computing, MEC overcomes the limitation of large delays and achieves real-time positioning by processing huge amounts of data and workloads at the periphery of the network [24] .
Since we use multi-base-station positioning, the mobile terminal needs to broadcast signals omnidirectionally, so we adopts the uplink positioning architecture (that is, the UE transmits signals, and the BSs receives the uplink signals to calculate location). In this case, the MEC provides a central computing server for uplink positioning to perform unified calculation of multi-base-station data. Moreover, compared with the traditional terminal settlement, this uplink ways make use of MEC to improve the positioning calculation capability and fully utilize the multi-channel transmission performance of the large-scale antenna of the base station, reduce the positioning time, and improve the positioning accuracy.
The user equipment (UE) initiates a positioning request within the range of BS1, and the signal is sent as S(t). For BS1, the UE can be considered to be in the near field range and will be connected to it in communication systems. For other base stations, the UE is in the far field range, as shown in FIGURE 1. In the near field range, the arriving beam cannot be reduced to a plane wave and should be regarded as a spherical wave, which is shown in FIGURE 2(2). As for spherical waves, there are subtle differences in the AOAs of the array, which cannot be considered as parallel lines. Through the Fresnel approximation of the near-field [25] , the phase difference between the received signal of the L th antenna and the 0 th antenna can be obtained as
where 
K is the number of rows in this array, δ k is the azimuth error caused by longitudinal array and most likely a small value. To make sure noise subspace will be exist, K < L is needed.
For the far field model, as shown in FIGURE 2(1), we can assume d k → ∞, then we have ψ → 0, so
array manifold can be expressed as a matrix
The signal arriving at the M th base station could be 
That means the received signal can be expressed as a function of position
The relationship between the received signal and the location coordinate is established by (12) . Then we can convert angle search into space search.
Throughout this paper, the following assumptions need to be established:
1) The transmitted signal is a cyclostationary signal, and the kurtosis state is not 0;
2) The antenna noise is additive spatially white Gaussian process with zero-mean, and independent of the UE signals.
III. THE PROPOSED POSITIONING METHOD
In this section, we will derive each step separately according to the flow of this positioning algorithm. It can be divided into the following four aspects: coarse positioning method, precise positioning in direct way, improved spatial search method, parameter calculation.
A. COARSE POSITIONING
To some extent, the selection of the initial location area is beneficial to reduce the complexity of the algorithm and to decrease the number of multipaths. Meanwhile, the array spacing in communication usually fails to meet the requirements d < λ/4, and thus there is phase blur in the azimuth search. The initial positioning can optimize the search area to be a convex set, which avoids the search error of non-convex sets.
Traditionally, initial positioning area mainly depends on certain parameters obtained from the received signals, such as AOA, TOA [19] . However, these figures need to be transmitted to the terminal for calculation, which occupies both the data stream and the computing capability of the terminal. This paper proposes a new MIMO initial positioning method based on the broadcast characteristics of 5G Massive MIMO.
First, we introduce the difference between 4G MIMO and 5G MIMO in broadcasting. Ordinarily, omnidirectional antennas and beamforming antennas are both equipped for 4G MIMO. As the omnidirectional antenna has equal gain in each side with no directivity, it is typically used for synchronization signals, broadcast signals, common pilots, control channels and so on. In contrast, beamforming concentrate signal energy in the specific direction, which is generally used for data channels [26] . Now, beamforming is exerted on all 5G signals, that is, all signals are directional. Moreover, all downlink signals form their own aligned areas like petals, which may be more prominent in 5G as shown in FIGURE 3. We assume that there are 12 beams in one sector, and each beam has a range of 10 • . Then, according to the beam received by the UE, an angle range can be roughly determined. Therefore, we propose an idea to number all the lobes and then form an initial locating area by acquiring the lobes where the terminals are located.
This initial positioning process occurs when the UE sends a positioning request. While the UE sends a positioning request to the terminal, quite a few base stations around may receive the positioning request since the UE is an omnidirectional antenna. As the location request is received, the base station adds the number information of the corresponding beamforming lobes to the signal of the current sector at the UE's frequency according to the sector in which the positioning request is located. Then, the UE returns the obtained lobe numbers to the base station. Finally, the base station sends the fixed area of the lobe as well as the MIMO receiving signal (prepared for the subsequent accurate positioning solution) to the MEC and perform the superposition to solve the initial positioning area. After obtaining the initial location area, the MEC feeds back to the UE through the base station. In particular, when the UE is located in the edge overlap region of two beams of the same base station, we can use the overlapping angle as the initial angle region, and even further reduce the coarse positioning area.
By applying this approach, the initial positioning problem is solved only by straightforward communications. We simplify the process as shown in FIGURE 4. Compared with the traditional positioning way of parameters acquisition, the coarse positioning method we proposed only communicates with the unconnected base station two times to avoid multi-base-station-connection. Previous methods also required communication twice, request and transmission. However, obtaining the positioning area in origin way requires calculating twice(calculation of the time or the angle parameter, acquisition of initial positioning area). In contrast, our initial positioning method does not require parameter calculation, which reduces the connection time, sampling time (the original data acquisition also occurs during the communication) and calculation time, and ultimately improves the reaction speed.
B. PRECISE POSITIONING WITH DIRECT POSITIONING METHOD
First of all, we can imagine that in a ultra-dense scenario, the direction of the multipath is random. Most likely, only the direct path can be crossed at one point, while the nondirect path cannot intersect like that. So direct positioning method can performs excellently in multipath environment. Our method obtains the result by bringing coordinates into a calculation. We will derive the direct calculation formula in this part. In order to stay consistent with the model, we calculate the far-field and the near-field separately.
For near-field signals, there are nonlinear components in their phases, which is expressed as ψ in ϕ L . To solve this situation, fourth-order cumulants can be used to estimate its nonlinearity. According to the above assumptions, we could have
where h represents the h th antenna. Let
can be written as
The nonlinear part in (14) is eliminated and the linear quantity is saved. According to (14) , we can obtain the fourth-order cumulant matrix C which define as c( Then we have
The eigenvalue decomposition (EVD) is performed on C in (16) , which is orthogonal between the signal subspace and the noise subspace. The k large eigenvalues correspond to the eigenvectors and form signal subspaces U near,S , and L − k small signals correspond to the eigenvectors and represents the noise subspaces U near,N . Considering that there are differences of K rows in the near field, there will be multiple peaks on the top.
So we add linear weights ϑ liner to deal with different peaks. Finally we get ϒ 1 as near field calculation
We introduce the principle of linear weights in the appendix. And linear weights ϑ liner will be introduced below. With the help of linear weights, we can convert multiple peaks to single peak and increase the angular resolution.
In the above formula (19) , b (θ ) is the corrected array manifold which depends on the 4th order item and the antenna source we selected.
Among them, indicates that the corresponding items are multiplied, and Rev() presents the reverse order of the array.
For far-field signals, ϒ M can be calculated by covariance matrix decomposition. Due to the orthogonality of the subspace after matrix decomposition, we can get
The direct calculate formula can be obtained by solving multiple base station formulas, which convert angles to coordinates by (11) .
where ϑ nonlinear is the adaptive non-liner weight. The direct calculations are summarized as Algorithm 1.
C. IMPROVED SPATIAL SEARCHING
It can be seen from III-B that (22) can only calculate the direct positioning value of a certain coordinate. To obtain the coordinates of the positioning point, a spatial search is needed for the coarse positioning area. So we have searching formula
Among them, argmax indicates the coordinates of the point at which the maximum value is returned.
However, the spatial search method is a highly complex algorithm that affects the real-time nature of the positioning and we proposed a simpler one. Since the change is directional according to the space theory, we can perform parallel searches on the x and y coordinates to speed up the search. That is, when we carry out the search of x coordinate, we fix y to a proper value. In this way, we will get a peak coordinate of x 0 . Then, we fix x 0 to search in the y direction. Finally, we can get (x 0 , y 0 ). Obtained U far,N by covariance matrix decomposition.
5:
Calculate ϒ by (21) ,where θ k = θ p,M . 6: else 7: Obtained U near,N by decomposition of (18). 8: Calculate ϑ linear . Calculate ϒ by (19) ,where θ k = θ p,M . 10: end if 11: Calculate ϑ nonlinear . 12: Calculate t by (22) to get the positioning value of direct method.
Although this method can speed up the search, the angular accuracy problem caused by the coordinate offset may affect the positioning result. So, we performed a secondary search near (x 0 , y 0 ) to solve the accuracy problem. We define a region Ω s , where (x = x 0 + i × Steplength, y = y 0 + i × Steplength), i = −2, −1, 0, 1, 2 and Steplength is the length of searching step. If there is still an overflow (we defined as the maximum is at the boundary) in the Ω s , we move the window by change i in the opposite direction of the gradient.
Suppose a direct calculation time is T, then the complexity of spatial search is O(MNT ) and our method is O((M + N )T + 9WT ), where M , N is the number of search steps in the x, y direction, W is the number of window slides. It can be seen that our use of the angle search feature greatly reduces the complexity of spatial search. When there is an extreme situation, that is, when a certain coordinate change does not affect the calculation value of a certain base station (for example, the base station is in the search direction), due to the existence of other base stations, the extreme value can be correctly searched after the summation. So we can use this search method to ensure efficiency.
In summary, the CNFDP method can be summarized as Algorithm 2.
D. PARAMETER CALCULATION
In the previous article, we have used ϑ linear and ϑ nonlinear without explanation. These variables will be analyzed in this section.
1) LINER WEIGHT
We can get (24) from appendix. Sliding window to adjust Ω s , 6: Calculate by Algorithm 1 to renew (x 0 , y 0 ) and check if it will overflow. 7: end while 8: Get positioning result p(x 0 , y 0 ).
for the reason that Qx k → 0, we can use Taylor approximation and get
To some extent, the inter-peak distance is linearly related to x k . However, P and Q are hard to get in real problem, x k is a fixed value, we just use it to indicating its linearity. We use parameters got from Ω as alternatives to tilting the multiple peaks.
So we calculate the liner weight by (26)
This is an equation based on the linearity derived from it, optimized after combining the initial localization regions. Where R is the maximum diameter of , stepnum is the real time searching steps, length and steplength represents the length of current direction and the length of each step, v indicates the direction of advancement in search. υ A represent the array manifold in same as the searching direction, while υ −A is opposite.
With linear weights, we can convert multiple average peaks into linear weighted peaks, providing better angular resolution.
2) NONLINER WEIGHT
Since the urban environment is complex, we need to select signals with high SNRs. In particular, the noise power is basically unchanged, and the received power mainly reflects the magnitude of the signal power. Similarly, we divide it into far-field and near-field.
When the incoming signal is emitted by the far field, it can be considered as parallel arrival, which means (27) We can define
where P M is the power of the receiving signal in M th base station.
As for the near-field signal, in order to reduce the amount of calculation, we choose b (θ ) = b (θ K ) in the new array manifold for calculation.
According to the definition of kurtosis, we have
where m 4 is the fourth moment of receving signal, p 1 is the receiving power of BS1. Therefore, ϑ nonliner is a weight that varies with angle and signal strength, and solves the problem that the signal-tonoise ratio caused by the signal power reduction decreases as well as improving the positioning accuracy. At the same time, when the arriving signal is non-line-of-sight (NLOS), which may perform as power decrease with low signal-tonoise-ratio (SNR), it can turn down its weight and reduce the impact of errors by ϑ nonliner .
IV. DISCUSS AND SIMULATION
In this section, discuss and simulation examples are presented to evaluate the proposed method. We will evaluate the method from these aspects: Coarse positioning analysis, positioning accuracy and angular resolution.
A. COARSE POSITIONING ANALYSIS
In the beginning, we discuss the performance of the initial positioning method.
The first one is time performance. Considering that the base station range is only hundreds meters and the electromagnetic wave is transmitted at the speed of light, the transmission time is almost negligible. Most of the time is consumed in communication distribution and mechanical calculations. For the traditional methods, it is necessary to establish a complete connection, which takes a lot of time;
for the coarse method proposed in this paper, it is not necessary to establish a connection completely. We only need to receive the signals broadcasting by the base station. For the simple calculation of the computing time, each base station needs a long-term integration to determine the first path, but our method only needs to divide the fixed area of the beamforming into pixel points to carry out binary operations. It is obvious that the computer spends less time on AND operation, so the positioning method proposed in this paper has an advantage in time performance.
The second is resource occupancy. Since the scene is a hotspot area, the frequency band resources will be very tight. If each user establishes a connection with multiple base stations, a large amount of resources will be wasted. The coarse positioning method proposed in this paper does not occupy the bandwidth resources of the base station except the connected station, which can save resources, serve more users, and avoid resource shortage. By comparing the initial positioning method in [27] with ours in the TABLE 1, we can see that the method we propose has advantages in most indicators and is more suitable for the main application scenarios of 5G communication in the future. Therefore, this initial positioning method is of practical significance.
B. POSITIONING ACCURACY
The simulation uses three base stations to locate the emitter, and the base stations' coordinates are (0, 0), (300, 600), (200, -300). Obviously, the base station at the origin is regarded as the near field, and others are far-field ones. The base station typically utilizes MIMO system in order that we can choose a 8 × 15 antenna array among the huge amount of antennas. A cosine signal with a signal frequency of 3.5 GHz is transmitted by UE emitter as a positioning signal (The frequency band used in China's 5G positioning is 3.5GHz). For the element spacing requirement, when the positioning area coverage angle is small enough, solution set becomes convex set and phase blur can be avoided. For ease of searching, d = λ/2 is adapted in this simulation.
In the beginning, we verify the space coordinate weight calculation of CNFDP, and select (100,100) as the anchor point to perform CNFDP calculation in the whole coarse positioning area. We can see from the FIGURE 5 that there are obvious peaks at the anchor points. A ridge-like line exists elsewhere in the space because the search direction is the same as the connection angle between the BS and the UE. In the first example, UE is located at (100,100). The SNR varies from −10 dB to 30 dB and the number of snapshots is set as n = 100. FIGURE 6 respectively display the root mean squared errors(RMSEs) of positioning accuracy of CNFDP. For comparison, the RMSEs of traditional two-step method [12] , DPD-MUSIC [16] , CNFDP are showed in it. As it can be seen in it, traditional two-step method performs worst among them and the accuracy is still severely limited when the SNR is high. Meanwhile, CNFDP(we proposed) has best performance for target location and its lower bound of RMSE is prominent. Although the direct positioning method is much more accurate than the traditional two-step positioning method, they requires spatial search for positioning, so it performs poorly in time complexity. Compared with the previous direct positioning method, this paper improves the search method and reduces the time complexity from O(n 2 ) to O(n) as what we talk in III-C. It can be seen that our method improves the positioning accuracy from the near-field effect while improving the efficiency in the search method.
In the second one, we assume that SNR is fixed at 10dB. While the location of the UE is approaching to the BS1 by a straight line from (100, 100) to (20, 20) , which can be seen as the target is change from far-field one to a near-field one. Generally speaking, the angular positioning error decreases as the target approaches. However, when we consider the near field of array waves, this trend becomes difficult to determine. Actually, we can see from FIGURE 7 that RMSEs of the method we proposed is constantly decreasing when approaching to BS1. We can explain in theory that our method can eliminate the effects of spherical waves, so the RMSE will be reduced. In contrast, traditional two-step algorithms continue to increase in RMSEs due to cumulative and near-field errors. As for the DPD-MUSIC, the radiance optimization caused by the radius reduction and the angular error caused by the near field are difficult to determine its tendency, so the RMSEs will be basically stable and fluctuating up and down.
In the third one, we want to explore whether the target positioning error in different directions is stable. We move UE from (10,110) to (40, −40), step length is 1m. At each location, we performed 100 times Monte Carlo simulations. In particular, we add a random attenuation of less than 10 dB to the far-field base stations to verified the ability of the nonlinear weighting factor. We use the same weight of all base stations as a comparison. The result is shown in FIGURE 8. Overall, the proposed method achieves good positioning accuracy in all directions. In addition, it can be seen from the comparison of the two curves that the weighted solution method is more stable and has smaller RMSE.
In the fourth example, we mainly discuss the influence of the number of rows of near-field base station antennas on the positioning results, and compare the RMSE of the number of rows K from 1 to 8 at different signal-to-noise ratios. The specific results are shown in the FIGURE 9. We can see that the increase in K does contribute to the positioning accuracy, but there is always a lower bound. So it is advisable to take K=8 to maximize the benefit.
In the fifth one, we simulated the positioning effects of different types of signals at different frequencies. In this part, we use different frequencies (3.5GHz, 20GHz, 60GHz) and different kinds of signals (cosine signals, pseudo-random signals) as independent variables, and other parameters are consistent to examine the applicability of the CNFDP method. Among them, 3.5GHz is China's 5G positioning frequency band, 20GHz is the US pre-used frequency band, and 60GHz is the millimeter wave frequency band. Obviously in FIGURE 10, the cosine signal performs better than the random signal in the positioning effect. This is because the periodicity of the cosine signal is better than the random signal, which is more suitable for the solution of the array manifold. However, when the signal-to-noise ratio is above 0 dB, both of their positioning accuracy can achieve the level of below meter. Therefore, the method can also be used in a random signal which is more closer to the communication signal. When it comes to frequency effects, pseudo-random signals are not sensitive to frequency because of their poor cycle performance, but the positioning error of the cosine signal decreases as the frequency increases. This is because the higher the frequency, the more fully the periodicity can be drawn when the sampling point is limited, which facilitates the correlation operation to obtain the phase difference. In general, this method has certain applicability in each frequency band.
In conclusion, CNFDP method performs well in the frequency band, signal type, mobile performance, and nearfield range. Moreover, it is superior to other algorithms in positioning accuracy. Although the complexity of the CNFDP method is increased compared to the conventional algorithm, the improvement of the positioning accuracy is more obvious. As for the direct positioning method, the CNFDP method uses the dimension reduction search technology, the search time is greatly reduced. So it is more suitable for the 5G ultra-dense networking environment.
C. ANGULAR RESOLUTION
In order to verify the performance improvement of Angle estimation of near and far-field coexistence scenarios combined with 5G and direct positioning, the second-order MUSIC [19] , the high-order MUSIC [25] , the mix-order MUSIC [21] are used for comparison.
We calculate the azimuth error of the CNFDP according to the positioning error, and then compare with the above methods. For simplicity's sake, we'll stick with the above scenario except UE is located at (40,40). For the single base station localization method, we selected BS1 and BS2 to calculate RMSE of 100 Monte Carlo simulations respectively.
In the first example, we choose BS1 to compare the RMSE of azimuth estimation. We can conclude from FIGURE 11 that CNFDP performs best and high-order MUSIC is close to it from 15dB to 20dB. Since the second-order MUSIC has no near-field adaptability and there is a fixed near-field deviation, the RMSEs reduction caused by the improvement of its SNR is much smaller than the deviation, so the trend becomes an almost stable straight line. Mixed-order MUSIC achieves better resolution than second order at high SNR.
Meanwhile, if we only analyze the angle resolution from a single base station, the algorithm we proposed also has better performance. In this problem, we assume UE is at (40,40) and choose BS2 to estimate the azimuth to avoid near-field effect. We can see from FIGURE 12 that the angle analysis method we proposed has a faster attenuation around the peak for the reason that it can effectively reduce the error caused noise. For far-field scene, second-order MUSIC even performs better than high-order ones, but CNFDP is outstanding among them. So, we can conclude that our method has better angle resolution.
V. CONCLUSION
Although massive MIMO technology is a hot topic in communication, its potential in positioning is usually ignored. In this paper, a new algorithm combined near-field and farfield in 5G Massive MIMO architecture is proposed to solve the problem caused by ultra-dense network. In this architecture, a new coarse positioning method with low complexity is propose in the first. Then we choose forth-order cross cumulant and different weights to estimate the near-field errors. Last but not least, all of our calculations are through raw data to avoid cumulative errors. Through simulation experiments, we can conclude that our proposed method has advantages in positioning accuracy compared to other methods and has strong adaptability to near-field. However, this paper does not fundamentally solve the error caused by the elevation angle to the plane angle, which is obvious in the near field, and is only reduced by one linear weight in this paper. Our future work will be explored in this area in combination with height detection to further improve positioning accuracy.
APPENDIX LINER WEIGHT
In the large-scale antenna near-field system, when the antenna course is used as a signal input, the angular cut by different lines will change the measured angle error. When the error distance is fixed, the minimum resolvable angle has subtle errors in different rows, which is represented by multiple peaks in a small angle range through the peak search, and finally reduces the angular resolution. In order to reduce this effect to a certain extent, we propose a linear weight based on the angle measurement model. The angle measurement model is shown below. In FIGURE 5, x k is the height of the k th row (base on the bottom row), a k , r k , h k represent the angle, distance and vertical distance of the k th row, respectively, m is the distance from the center of the array to the vertical point. We can easily get 
where P and Q are both constant. From this appendix, we can conclude that :
(1) When x k increases, a k also increases. So the difference of θ 1 and θ k will prominent with the increasing scale of MIMO; 
